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APPARATUS AND METHOD FOR REDUCING 

TORQUE STEERING 

BACKGROUND 

[0001] The present invention pertains to the technical field of steering systems for 

vehicles, and in particular to techniques for reducing torque steering in a vehicle. 

[0002] In recent years, as engine performance has improved, the output torque of the 

engine has also increased. When the output torque of the engine increases, even a small 
difference between the left/right tilt angles can lead to a significant difference between the 
lefl/right driving torques, so that torque steering takes place. 

[0003] Japanese Kokai Patent Application No. 2004-9843 shows a torque steering 

suppressing structure of a vehicle. On the side of the left/right wheel with a longer distance 
from the differential gear, an intermediate shaft connected to the differential gear and the 
drive shaft is set, so that the tilt angles (namely, joint bending angles) of the left/right drive 
shafts are the same, and the lengths of the left/right drive shafts are also equal. To obtain the 
same tilt angle for the left/right drive shafts, it may be necessary to use support bracket to fix 
the intermediate shaft, and these may protrude significantly outward from the vehicle lateral 
direction center. 

[0004] Japanese Kokai Patent Application No. Hei 9 [1 997]-207802 shows a 

technology for reducing the torque steering by driving an electric motor to cancel the torque 
steering in a vehicle carrying an electric power-assisting steering system. This technology 
may require additional components such as an electric motor. There may be waste in output 
upon starting. Also, when generation of torque steering takes place in large vehicles carrying 
high-power engines, an electric power steering system, which has a smaller assisting force 
than that of a hydraulic power steering system, can may be difficult to adapt to this 
application. 

SUMMARY 

[0005] It would be desirable to use mechanical means (such as, for example, 

movement of the engine) to reduce torque steering during acceleration. 

[0006] In accordance with one aspect of the present invention, an apparatus for 

suppressing torque steering is provided for use in a vehicle having left and right wheels, a left 
drive shaft coupled to the left wheel via a left outer joint, a right drive shaft coupled to the 
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right wheel via a right outer joint. The apparatus includes a driving source adapted to 
accelerate the vehicle up to a predetermined rate of acceleration. As the driving source 
accelerates the vehicle, the driving source moves from a first position (when the vehicle is at 
rest) to a second position (when the vehicle has attained the predetermined rate of 
acceleration). The apparatus also includes a structure that connects the driving source to the 
left drive shaft and the right drive shaft. The structure is positioned relative to the left and 
right wheel so that the left and right drive shafts each define a first tilt angle when the driving 
source is in the first position (when the vehicle is at rest), and a second tilt angle that is 
smaller than the fu-st tilt angle when the driving source is in the second position. Thus, as the 
driving apparatus accelerates the vehicle, it moves the drive shafts to reduce the tilt angle and 
reduce torque steering. 

[0007] In accordance with another aspect of the invention, a method is provided for 

suppressing torque steering in a vehicle having a driving source, left and right wheels, a left 
drive shaft coupled to the left wheel via a left outer joint to define a left tilt angle, and a right 
drive shaft coupled to the right wheel via a right outer joint to define a right tilt angle. The 
method includes: coupling the left and right drive shafts to the driving source via left and 
right inner joints; positioning the left and right inner joints below the left and right outer 
joints, so that the left and right drive shafts define left and right tilt angles, respectively, with 
the left and right outer joints; and when the vehicle is accelerating, allowing the left and right 
inner joints to move upward with the driving source to decrease the left and right tilt angles. 

BRIEF DESCRIPTION OF THE FIGURES 

[0008] Figure 1 is a front view of an apparatus for suppressing torque steering in a 

vehicle, in accordance with a first embodiment of the invention; 

[0009] Figure 2 is a front view of the apparatus of Figure 1, illustrating the vehicle tilt 

angle at maximum acceleration; 

[0010] Figure 3 is a front view of the apparatus of Figure 1, illustrating the layout of 

suspension members and vehicle body side members with respect to the engine center; 
[0011] Figure 4 is a schematic representation of the apparatus of Figure 1, illustrating 

the method for computing the height of the inner joints and outer joints; and 
[0012] Figure 5 is a back view of an apparatus for suppressing torque steering in a 

vehicle, in accordance with a second embodiment of the invention. 
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DETAILED DESCRIPTION 

[0013] When the drive shafts in a vehicle are tilted, vector elements of the drive 

torque are created around the Z axis. Because the drive shafts provided on the right and on 
the left show different levels of rigidity when the layout of the power train device is 
horizontally asymmetrical, different drive torques are generated around the Z axis at the right 
and left wheels, resulting in torque steering. In the embodiments of the invention described 
below, the tilt angles are reduced when the vehicle is accelerated so that the torque steering 
can be restrained. 

First Embodiment 

[0014] Referring to Figures 1-3, an apparatus is provided for suppressing torque 

steering in a vehicle. 

[0015] As shown in Figure 1, a vehicle includes engine 1, transmission (changing 

gear) 2, differential gear (differential unit) 3, an inner joint Ooint of the drive shaft on the 
differential gear side) 4, a left drive shaft (drive shaft) 5, an outer joint Goint of the drive 
shaft on the wheel side) 6, a left-fi-ont wheel 7, a kingpin central axis of the left-front wheel 
7a, a constant-velocity universal joint 8, an extension shaft (intermediate shaft) 9, an inner 
joint O'oint of the drive shaft on the differential gear side) 10, a right drive shaft 1 1, an outer 
joint (joint of the drive shaft on the wheel side) 12, a right-front wheel 13, a kingpin central 
axis of the right-front wheel 13a, a support bracket 14 and a steering device 19. 

[0016] Engine 1 is carried on the front portion of the body of the vehicle. The 

crankshaft of engine 1 extends in the lateral direction of the vehicle, that is, it is a so-called 
laterally set engine. Differential gear 3 is connected via transmission 2 to the left side of 
engine 1. Engine 1 and transmission 2 correspond to the driving source. Engine 1 is lowered 
in relation to a standard configuration, described below, so that the left/right inner joints 4, 10 
are approximately 15mm lower than the position of the left/right outer joints 6, 12. 

[0017] Differential gear 3 is offset to the left from the center in the lateral direction of 

the vehicle. One side (the left side) of the differential gear 3 is connected via inner joint 4 as 
a constant velocity universal joint to connection part 5a of left drive shaft 5. Left front wheel 
7 is connected to connection part 5b of left drive shaft 5 via outer joint 6 as a constant 
velocity universal joint to left-front wheel 7. 
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[0018] The other side (right side) of differential gear 3 is connected to mtermediate 

shaft 9 extending in the lateral direction of the vehicle via constant velocity universal joint 8 
by means of a spline fitting. The intermediate shaft 9 is connected via inner joint 10 as a 
constant velocity universal joint to connection part 1 la of right drive shaft 1 1 . Right front 
wheel 13 is connected to connection part lib of drive shaft 1 1 via outer joint 12 as a constant 
velocity universal joint to right-front wheel (wheel) 13. Also, intermediate shaft 9 is 
supported on engine 1 via support bracket 14. The tilt angle is defined as the angle (Qu 9r) 
between the drive shaft and the axis (CL, CR) that connects the center of a the wheel and the 
jomt of the drive shaft on the wheel side. The axis CL and CR are corresponded to the line 
that connects the center of the left wheel and the center of the right wheel. 

[0019] In the first embodiment, if the lines connecting wheel centers CL, CR and 

left/right outer jomts 6, 12 and left/right drive shafts 5, 1 1 form left/right tilt (or knuckle) 
angles 0l and Gr, then, as the acceleration of the vehicle is increased, the left/right tilt angles 
0L and Gr both decrease. In addition, as shown in Figure 2, when the acceleration of the 
vehicle reaches a maximum, both left/right tilt angles Gl, Gr become zero. Lengths Ll, Lr of 
the left/right drive shafts 5, 1 1 are equal, and the initial values (the values when the driver 
and passengers get in/out the vehicle) of left/right tilt angles Gl, Gr are equal. 

[0020] As shown in Figure 3, the engine center (position where the engine is 

mounted) is set lower by 15 mm fi-om its conventional position, so that the height of left/right 
inner joints 4, 10 (connection parts 5a, 1 la) is set lower by 15 mm than the positions of 
left/right outer joints 6, 12 (connection parts 5b, lib). 

[0021] In addition, correspondkig to lowering of the engine center, the height of the 

upper surface position of suspension members 15 that support left/right fi-ont wheels 7, 13 is 
also 15 mm lower than a standard position, described below, as indicated by the wave lines in 
Figure 3, and at the same time, the vehicle body side members 16 positioned above engine 1 
are 15 mm thicker in the vertical direction. 

Mechanism of Generation of Secondary Force Moment 

[0022] In a conventional fi*ont wheel drive car, if the angle of the kingpin central axis 

with respect to the wheel is a, the tilt angle of the drive shaft is G, and the output torque of the 
engine is T, secondary force moment Ts on the periphery of the kingpin is given by following 
formula (1). 

T s ^ T taii0>«^cosa = T trniQ /oasot^ 1 . , . (1 ) 
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That is, the secondary force moment generated on the periphery of the kingpin is equal to a 
value obtained by multiplying tan 6 by output torque T of the engine. 

Effect in Suppressing Secondary Force Moment Corresponding to Acceleration 

[0023] When tilt angle Gl of the left drive shaft and tilt angle Gr of the right drive 

shaft are set equal, and length Ll of the left drive shaft and length Lr of the right drive shaft 
are set equal, when the vehicle accelerates, Tl>Tr, and a torque steering due to left/right 
difference AT of the secondary force moment represented by following formula (2) is 
generated. 

AT ^ TLtanOL- TRtanGit ...Q) 

[0024] Here, if the left/right tilt angles Gl and Gr are both Q, in order for the secondary 

force moment Tl, Tr generated in left/right drive shafts 5, 1 1 to be nearly zero, one may 
control tilt angle G such that G - 0 when the vehicle is accelerated. 

[0025] In the first embodiment of the invention, as shown in Figure 4, if: 

Zin: height of left/right inner joints 4, 10; 
Zout: height of left/right outer joints 6, 12; 

Zl: lift distance of the vehicle body front portion when the engine drives; 
Ze: upper/lower rocking distance of engine 1 ; 

Yout: positions of left/right outer joints 6, 12 in the vehicle lateral direction; 
Yin: positions of left/right inner joints 4, 10 in the vehicle lateral direction; 

then tilt angle Q is represented by following formula (3), in which Zin, Zout? Yout? Yin are the 
initial values (when the driver and passengers get in/out the vehicle). 

9-ataiiC Zin - Zout"^ ^h^- Ze ) / < Yout - Yin) X^) 

By the control, Zin and Zout are set so that 9 0 at the highest acceleration when the torque 
steering is the largest. 

[0026] For example, for large vehicles, when the weight is in the range of 

1,400-1,600 kg, the maximum acceleration is in the range of 0.5-0.6G, and the friction 
coefficient of the tires is in the range of 1.05-1.10, then fi^om each average value one can 
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determine lift distance Zl and rocking distance Ze of engine 1 to be Zl ^ 25 mm and Ze ^ 10 
mm. Consequently, by setting Zm-Zout smaller than 15 mm, it is possible for tilt angle 0 to be 
smaller at a higher acceleration, and it is possible to obtain a nearly zero value for tilt angle 0 
at maximum acceleration. 

Effect of Increase of the Cross-Sectional Area of the Side Member of a Vehicle Body 

[0027] Along with a decrease in the engine center (engine carrying position), if the 

height of suspension member 15 is set 15 mm lower, the impact performance of the vehicle 
body degrades, and this is undesirable. In the first embodiment, the cross-sectional area of a 
vehicle body side member 16 is increased corresponding to the lowering of suspension 
member 15. Consequently, it is possible to prevent degradation in the collision performance 
while avoiding interference between suspension member 1 5 and engine 1 or the auxiliary 
machinery. One advantage of the present invention is that a the vehicle body stnicture as 
shown in first embodiment with a larger cross-sectional area of a vehicle body side member 
16 may provide a greater reactive force in collision, 

[0028] In the first embodiment, as the positions of left/right drive shafts 5, 1 1, 

left/right inner joints 4, 10 and left/right outer joints 6, 12 are controlled while considering of 
the change in the tilt angle accompanying engine lift up and engine rocking in acceleration, it 
is possible to reduce the secondary force moment on the periphery of the kingpin central axis 
generated in left/right drive shafts 5, 1 1. 

[0029] Because the tilt angles are reduced when the vehicle is accelerated, the 

secondary couples around the central axes of king pins which are generated at the right and 
left wheels are reduced, so that the torque steering can be restrained. 

[0030] If the drive shafts are in a configuration so that their inner ends are raised, then 

the acceleration of the vehicle will cause the engine to rise, thus increasing the tilt angle and 
torque steering. In contrast, in the foregoing embodiment, the tilt angles are reduced as the 
vehicle begins to accelerate. More specifically, because the drive shafts are tilted in such a 
manner that their inner ends are lowered in the width direction of the vehicle, the vehicle is 
lifted upward in the direction the tilt angles are reduced at least at the time of acceleration. 
Thus, the torque steering can be reduced. 

[0031] In addition, even when the tilt angles of the drive shafts for lowering their 

inner ends in the width direction of the vehicle are so small that their inner ends end up being 
lifted upward in the width direction of the vehicle due to excessive acceleration, the torque 
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steering can be still restrained in accordance with the invention better than with the 
conventional design in which the drive shafts are tilted in such a manner that their inner ends 
in the width direction of the vehicle are up-lifted. 



[0032] With the torque steering suppressing structure in the first embodiment, the 

following effects can be realized, 

[0033] (1) In a vehicle in which left/right drive shafts 5, 1 1 connected to left/right 

fi-ont wheels 7, 13 are connected to differential gear 3 connected to the driving source (engine 
1 and transmission 2), respectively, the structure is set such that left/right tilt angles 9l, Or 
decrease as the acceleration of the vehicle is increased. Consequently, there is a reduction in 
the secondary force moment of left/right drive shafts 5, 12 as the acceleration is increased can 
hardly take place, and the left/right difference in the secondary force moment decreases. As a 
result, the amount that steering device 19 gets pulled by the right and left front wheels 7 and 
13 can be reduced, and torque steering can be reduced as a result. 

[0034] (2) The structure is set such that when the acceleration reaches a preset 

acceleration, both left/right tilt angles Gl, 9r become zero. Consequently, it is possible for the 
secondary force moment of left/right drive shafts 5, 12 to be nearly zero at the preset 
acceleration, and it is possible to reduce generation of torque steering at the preset 
acceleration. 

[0035] (3) The acceleration at which left/right tilt angles 6l, Qr become zero may 

be taken as the maximum acceleration of the vehicle (0.5-0.6G). Although the secondary 
force moment reaches a maximum at the maximum acceleration, since left/right tilt angles 9l, 
Or become zero, the secondary force moment also is reduced or absent. Consequently, it is 
possible to reduce torque steering when the vehicle is started at ftiU throttle. 

[0036] (4) Differential gear 3 connected to the driving source is set offset from 

the vehicle lateral direction center, left drive shaft 5 is directly connected via inner joint 4 to 
differential gear 3, and right drive shaft 1 1 is connected via extension shaft 9 and inner joint 
10 to differential gear 3. Consequently, it is possible to set the initial values of lengths Ll 
and Lr of left/right drive shafts 5, 1 1 nearly equal, and for the mitial values of left/right tilt 
angles 0l, Or to be nearly equal, and it is possible to have a structure for which torque 
steering is reduced. 

[0037] (5) Engine 1 set laterally with the crankshaft extending in the vehicle 

lateral direction is used as the driving source, and the height of left/right irmer joints 4, 10 




wo 2006/054155 



PCT/IB2005/003444 



when the vehicle is stopped is set 15 mm lower than the position of left/right outer joints 6, 
12. Consequently, it is possible to have left/right tilt angles 6^ 6r at maximum acceleration 
to be nearly zero and to reduce generation of torque steering. Also, by lowering the engine 
center, it is possible to lower the position of left/right inner joints 4, 10, so that there is less 
degradation in the other suspension characteristics and design properties. 

[0038] (6) While the height of suspension member 1 5 positioned below engine 1 

is set lower corresponding to the position of left/right inner joints 4, 10, the cross-sectional 
area of car body side member 16 positioned above suspension member 15 is increased 
corresponding to the height of suspension member 15. Consequently, the height of 
suspension member 15 is lowered, and it is possible to suppress degradation in the collision 
performance of the vehicle body while avoiding interference with engine 1 and the auxiliary 
machinery of the engine. 

Second Embodiment 

[0039] In a second embodiment of the invention, as shown in Figure 5, the position of 

the auxiliary machinery of engine 1 is set higher than engine 1 corresponding to the positions 
of left/right inner joints 4, 10. 

[0040] Figure 5 is a back view illustrating the torque steering suppressing structure in 

accordance with a second embodiment of the invention. In this embodiment, when the 
engine center is set 1 5 mm lower, the position of air conditioner pulley (auxiliary machinery) 
17 is set 15 mm higher with respect to engine 1, so interference with suspension member 18 
is avoided. 

[0041] In the following, an explanation will be given regarding operation. 

[0042] In the first embodiment of the invention, when the engine center is lowered, 

the upper surface of the suspension member is lowered so that interference between the two 
members can be prevented. In this case, it helpful to change the shape of the suspension 
member and the vehicle body side members positioned below engine 1 . 

[0043] In the second embodiment of the invention, only the position of air conditioner 

pulley 17 is changed with respect to engine 1, so that it is possible to avoid interference 
between engine 1 and suspension member 1 8 without changing the position and shape of 
suspension member 1 8 and vehicle body side members as in the prior art. 
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[0044] In the following, an explanation will be given regarding the effects. For the 

torque steering suppressing structure in the second embodiment, in addition to features and 
advantages (l)-(5) in the first embodiment, there are the following features and advantages. 

[0045] (7) Because the position of air conditioner pulley 17 as auxiliary 

machinery of engine 1 may be set 1 5 mm higher with respect to engine 1 corresponding to 
the positions of left/right inner joints 4, 10, it is possible to reduce interface between air 
conditioner pulley 17 and suspension member 18 without changing the shape of suspension 
member 18 and the vehicle body side members. 

Other Embodiments 

[0046] The present invention has been explained with reference to the foregoing 

embodiments. However, the present invention is not limited to the construction described in 
these embodiments, and modifications of the design are allowed as long as the gist of the 
present invention is observed. 

[0047] For example, the types of vehicles for application of the torque steering 

suppressing structure of a vehicle in the present invention are not limited to vehicles driven 
by engines and with a transmission as the driving source. It may also be adopted in electric 
automobiles with a motor and transmission as the driving source as well as hybrid vehicles 
with an engine and motor as the driving source. 

[0048] In the first and second embodiment, the height of the inner joint is set 15 mm 

lower than the height of the outer joint. However, this is merely an example. A distance in 
the range of 5-20 mm, depending on the characteristics of the vehicle (weight, maximum 
acceleration, friction coefficient of tires, etc.), may offer beneficial results. Also, in the first 
and second embodiments, the tilt angle is zero when the vehicle is at maximum acceleration 
(0.5-0.6G). However, this is merely an example, and it is also possible to set the height of the 
inner joint and the outer joint such that the tilt angle reaches zero before the vehicle reaches 
maximum acceleration. In this case, it is possible that the structure be set such that the tilt 
angle reaches zero at an acceleration that occurs with high frequency for the vehicle and that 
corresponds to easy generation of torque steering. 

[0049] In the first and second embodiments, an explanation was provided for a 

vehicle in which the driving source moves upward corresponding to acceleration. However, 
for a vehicle that has the vehicle body mounted such that the driving source moves downward 
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corresponding to acceleration, by setting the initial position of the inner joints higher than the 
outer joints, it is possible to reduce the drive shaft tilt angle during acceleration. 

* 

[0050] This application is based on Japanese Patent Application No. 2004-335043, 

filed November 1 8, 2004 in the Japanese Patent Office, the entire contents of which are 
hereby incorporated by reference. 

[0051] The above-mentioned embodiments have been described in order to allow 

easy understanding of the present invention. The invention is not to be limited to the 
disclosed embodiments but, on the contrary, is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope of the appended claims, which 
scope is to be accorded the broadest interpretation so as to encompass all such modifications 
and equivalent structures as is permitted under the law. 
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